Light or dark grown Euglena gracilis strains contain similar levels of glutathione (GSH) peroxidase. Cells in midstationary phase of growth contained the highest level of the enzyme. The enzyme was purified 280-fold to homogeneity from the permanently bleached strain, E. grailis var bacillaris W3BUL. The native enzyme has a molecular weight of 130,000 as measured by gel permeation chromatography, and contains four subunits (mol wt 31,500) as measured by sodium dodecyl sulfate gel electrophoresis. A variable amount of a higher molecular weight form of the enzyme (approximate mol wt 250,000) was detected but not further characterized. The enzyme has an isoelectric point of 4.7. No selenium could be detected in the purified enzyme. The enzyme is active with H202 and a variety oforpnic hydroperoxides, including 13-hydroperoxylinoleic acid, and is specific for GSH as the thiol substrate. Apparent K,. values for H202, t-butyl hydroperoxide, and GSH were 0.03, 1.5, and 0.7 millimolar, respectively. A comparison of selenium-dependent and selenium-independent GSH peroxidases from various eukaryotic sources is presented.
In animals, where these enzymes have been studied most extensively, both Se-dependent and Se-independent GSH peroxidases have been described (26) . The Se-dependent enzyme contains a selenocysteine residue in the active site, and is active in reducing H202 as well as organic hydroperoxides. The SEindependent GSH peroxidases are active only with organic hydroperoxides, and are identical with certain GSH transferase isozymes (17) . Recently, a new type of Se-independent GSH peroxidase has been isolated from the fungus Mucor hiemalis (1) . It is active only with organic hydroperoxides, but is not active as a GSH transferase.
Much less is known about these enzymes in plants. Although GSH peroxidase activity has been detected in crude extracts of spinach and maize (reviewed in Rennenberg [18] ) the enzyme has not been isolated from these or other plant sources. Smith and Shrift (21) have suggested that the enzyme is absent from higher plants.
Recently, we have detected GSH peroxidase activity in extracts of various strains of the alga Euglena (15, 16) . Chromatography of these extracts resolved two distinct enzymes analogous to that seen in animal tissues: one that reduces H202 and t-butyl hydroperoxide, and one that uses only organic hydroperoxides as ' Supported by Grant ES 02639 from the National Institute for Environmental Health Sciences.
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substrates. The latter enzyme was shown to co-purify with the GSH transferase from E. gracilis Z (15) . This report focuses on the purification of the form of the enzyme that is active with H202 (referred to here simply as GSH peroxidase), and demonstrates that this Euglena enzyme represents yet a new type of Seindependent GSH peroxidase.
MATERIALS AND METHODS
Reagents. The following were obtained from Sigma: DEAESephacel, Sephadex G-150-40, mol wt standard proteins, soybean lipoxygenase, linoleic acid, glutathione reductase (yeast, type III), trypsin and trypsin inhibitor, diaminonaphthalene, sodium selenite, and t-butyl hydroperoxide. Cumene hydroperoxide was obtained from Polysciences. 13 -Hydroperoxylinoleic acid was prepared as described by Egmond et al. (6) , and was quantitated using the procedure of Vioque and Holman (24) . Sephacryl S-300 and the chromatofocusing kit containing PBE94 and polybuffer were purchased from Pharmacia. Ampholytes were obtained from BioRad. The ultrafiltration cell and filters were products of Amicon. All other materials were reagent grade.
Organisms and Growth Conditions. Euglena strains were obtained as previously described (16) and maintained on Euglena broth (Difco) solidified with 1.5% (w/v) agar. Euglena gracilis Z was grown in an autotrophic medium (9) bubbled with 5% CO2 or air under fluorescent lights at 20°C. For heterotrophic growth, CO2 was replaced by 1.8% (w/v) glucose and cells were grown in the light (photoheterotrophic) or dark (heterotrophic). E. gracilis var bacillaris and the permanently bleached strain W3BUL were grown at 20°C in the defined medium described by Ortiz et al. (14) , with either 1.8% (w/v) glucose or 0.2 M ethanol as the carbon source. For enzyme purification purposes, W3BUL was grown routinely in Euglena broth. The cells were harvested in midstationary phase by centrifugation at 8000g, and were washed twice with 20 mm potassium phosphate, pH 7.4, (K buffer) at 20C.
Enzyme Purification. The cell pellet was resuspended in 5 to 10 volumes of cold K buffer and twice passed through a French press at 15,000 p.s.i. The homogenate was centrifuged at 40,00Og for 20 min, and the supernatant was used as the crude extract. Throughout the purification of GSH peroxidase, K buffer was used, all steps were carried out at 4°C, and the coupled assay (below) with H202 as substrate was used.
The extract from approximately 2 x 10'0 cells was applied to a DEAE-Sephacel column (2 x 27 cm) equilibrated with K buffer. The column was washed with 100 ml buffer and the enzyme was eluted with 400-ml linear gradient of 0 to 0.5 M KCI. The peak of enzyme activity eluted at approximately 0.3 M KCI. Fractions having a minimum of 60% of the peak activity were pooled and concentrated by ultrafiltration with a PM10 filter to 3 ml. The concentrated enzyme solution was applied to a column of Sephadex G-150-40 (2.7 x 40.5 cm) and 1.4 ml fractions were collected. Typically, two peaks ofGSH peroxidase activity were seen as described in the text. The largest peak (mol wt 130,000) was pooled (see Fig. 2 ) and concentrated by ultrafiltration.
The preparation was further purified on a DEAE-Sephacel column (0.7 x 12.3 cm), eluted with a 80-ml gradient of 0 to 0.5 M KCl after a 20-ml wash. In this instance, only fractions containing at least 75% of the peak activity (centered at 0.3 M KCI) were pooled. The sample was dialyzed and concentrated in dialysis tubing against solid PEG 6000. The resulting enzyme solution was applied to a column of Sephacryl S-300 superfine (0.7 x 13 cm). GSH peroxidase was found as a single peak (approximate mol wt 130,000) and the peak was concentrated in a Minicon A 25 concentrator.
Throughout purification, the enzyme could be stored frozen with 10% (v/v) glycerol added for stability. The Pharmacia, except that all buffers were supplemented with 10% (v/v) glycerol and 50 uM DTT to help stabilize the enzyme. A sample of purified GSH peroxidase (0.4 mg; second DEAE Sephacel step) was applied to the column and eluted with a 200-ml linear gradient from pH 7 to pH 4 at 4°C. Two-ml samples were collected, and the pH and GSH peroxidase activity were measured. Selenium Analysis. To determine Se content, atomic absorption and a fluorometric assay were used. The fluorescence procedure was described by Hoffman et al. (10) . It (27) . Organelle isolation was obtained by centrifugation at 24,000g in a SW27 swinging bucket rotor for 2.5 h at 5°C. The gradient was fractionated into 1 ml samples. The organelles were lysed by a rapid freeze-thawing. The assay of marker enzymes has been described: succinate dehydrogenase and malate dehydrogenase (13), hydroxypyruvate reductase (4) , and citrate synthetase (5) .
A similar gradient fractionation was performed with an extract from autotrophically grown E. gracilis Z.
Other Measurements. The mol wt of the native enzyme was estimated on Sephadex GI 50-40. Catalase, aldolase, BSA, and ovalbumin were used to standardize the column (2). Protein was routinely determined by the procedure described by Bradford (3). However, to report the final specific activity of the purified enzyme, the Lowry method was used (12 (20) . The level of the enzyme did vary significantly with the growth phase of the cell increasing during the stationary phase (Fig. 1) . Cells in midstationary phase contained the highest level of the enzyme, and were used for the enzyme isolation.
Purification of GSH Peroxidase. The enzyme could be isolated from green or nongreen cells. Since the use ofthe latter simplified the purification, the enzyme was isolated from the permanently bleached strain W3BUL.
The enzyme was purified 280-fold to a final specific activity with H202 of 20 units/mg protein. A typical purification scheme is presented in Table II. The purification of this enzyme was complicated by the fact that, like rat liver and human erythrocyte (26) peroxidase. During purification the enzyme was chromatographed on Sephadex G-150 as described in "Materials and Methods". GSH peroxidase activity with H202 was measured with the coupled assay (0); protein was detected by A at 280 nm (0). Two peaks of GSH peroxidase were routinely detected as described in the text. The lower mol wt peak was pooled as indicated by the horizontal bar and used for further purification. To estimate the mol wt ofthe GSH peroxidase peaks, the same column was calibrated with mol wt standards (mol wt values in parentheses): CAT, catalase (232,000); ALD, aldolase (158,000); BSA, (67,000); and OVA, ovalbumin (43,000). The elution volumes of the standards were used to construct a plot-relating elution volume to log mol wt (2) ; from this plot the mol wt of the two forms were estimated to be 250,000 and 130,000.
enzyme. Elution patterns on Sephadex G-150 after partial purification on DEAE-Sephacel showed a small peak of activity of approximately 250,000 D with the main peak of activity at 130,000 D (Fig. 2) . The purification procedure was carried out on several W3BUL cultures, and the initial peak varied between 0 and 30% of the activity. The properties and relationship of this larger form of GSH peroxidase were not pursued further.
Mol Wt. Analysis of purified GSH peroxidase by SDS gel electrophoresis revealed a major protein band (Fig. 3) of mol wt 31,500. Some preparations showed a major band of 31,500 D and a minor band of 29,500 D. Upon storage of the enzyme at 4°C (with slow loss ofactivity), the amount ofprotein constituting the major band decreased with corresponding increase in the lower mol wt band. These results suggest that the lower mol wt band is a proteolytic product of the higher mol wt polypeptide. Gel filtration on a calibrated Sephadex G-150 column gave a mol wt of 130,000 ± 10,000 for the native enzyme (Fig. 2) . Thus, the native enzyme seems to be a tetramer.
Isoelectric Point. Initially the determination of the isoelectric point ofthe purifed enzyme was attempted by isoelectric focusing (Fig. 4) (Table III) . H202, t-butyl hydroperoxide, cumene hydroperoxide, and 1 3-hydroperoxylinoleic acid were compared as hydroperoxide substrates for the enzyme (Table III) The data shown for the mammalian enzymes are adapted from Wendel (26) and Prohaska (17); those for the fungus Mucor hiemalis are from Aisaka et al. (1) . The specific activities of each purified enzyme are not compared since each was assayed under different conditions of pH, substrate concentrations, and temperature; the difficulty of comparing published GSH peroxidase activity values has been reviewed by Wendel (26 The enzyme exhibited a relatively low Km for H202 suggesting it might play a role in H202 scavenging in these algae. E. gracilis lacks catalase but does contain L-ascorbic acid peroxidase, an enzyme thought to protect the cells against peroxides generated during photosynthesis (20) . Since the levels of GSH peroxidase are not increased by growth in the light (Table I) , the enzyme may play a constitutive role in scavenging H202 in the cytoplasmic compartment in cells grown in the dark or light. Alternatively, the enzyme may play a role in removing lipid hydroperoxides from cellular membranes as has been suggested for mammalian GSH peroxidases (26) . Its activity with 13-hydroperoxylinoleic acid, derived from a major fatty acid of Euglena membranes (7), is consistent with this view.
Earlier work showed that plant extracts contain a GSH peroxidase activity that resisted purification (18) . In a recent screening of cultured plant cells we have found GSH peroxidase in extracts of maize, spinach, and sycamore cells, and have partially purified a GSH peroxidase distinct from GSH transferase from maize cells (P. Phelps and R. Fall, unpublished observations). The properties of GSH peroxidases from Euglena and higher plant cells are under investigation.
